Temperature variation experiments of small angle neutron scattering ͑SANS͒ and neutron spin echo ͑NSE͒ were carried out in order to compare effects of temperature and pressure on a structural formation in a ternary microemulsion system composed of AOT ͑Aerosol-OT; dioctyl sulfosuccinate sodium salt͒, D 2 O, and n-decane. From SANS measurements, a phase transition from one-phase dense water-in-oil droplet to two-phase coexistence with a lamellar and a disordered structure was observed with increasing temperature, similar to the case of pressure variation. Another phase transition was observed at a higher temperature above the lamellar phase, although such a subsequent phase transition has not been observed at higher pressure. The characteristic features of structural phase transitions by temperature and by pressure were compared by introducing a reduced temperature and pressure. The dynamical property observed from the NSE measurement was different between the high-temperature phase and the high-pressure phase. These results indicate that the mechanism of the phase transition induced by temperature is different from that by pressure.
I. INTRODUCTION
Structural formations in microemulsion systems have been extensively investigated by many researchers because the system forms transparent fluid that is a microscopically phase separated structure of water and oil domains. Because a mixture of anionic amphiphile AOT ͑Aerosol-OT; dioctyl sulfosuccinate sodium salt͒, water, and n-alkane forms a stable one-phase microemulsion in the vicinity of room temperature, many studies have been done by various experimental techniques. Since AOT has positive spontaneous curvature at room temperature, the water-in-oil type structure is preferable even when the volumes of water and oil are equal.
Chen and co-workers [1] [2] [3] [4] [5] have intensively investigated the static and the dynamic structures of the system in terms of the effects of temperature and salinity. Their experimental evidence indicates that the dissociation of the counterion from the head groups of AOT molecules controls the interaction between them and thus the spontaneous curvature changes with changing temperature and salinity. With increasing temperature, the head-head repulsion increases and the membrane tends to become flat ͑which means that the spontaneous curvature becomes zero͒, and finally the spontaneous curvature turns to become negative and the oil-inwater type structure becomes preferable. A temperatureinduced lamellar structure in an AOT/water/decane system has been found by Kotlarchyk, Sheu, and Capel. 5 Therefore, such an electrostatic interaction is very important to understanding the self-assembling mechanisms in a microemulsion system including AOT.
Pressure is another important physical parameter, which may change the spontaneous curvature. The effects of pressure have been investigated by some groups [6] [7] [8] [9] [10] already. Saïdi, Daridon, and Boned 10 showed a phase diagram in pressure-droplet density ( P-) plane in the AOT/water/ undecane system. The P-phase diagram is similar to a phase diagram with varying temperature-droplet density (T-) in the AOT/water/decane system obtained by Cametti et al. 11 Therefore, it was believed that the effect of pressure on the phase behavior should be the same as the effect of temperature.
Actually, our previous small angle neutron scattering ͑SANS͒ results 12, 13 indicated that the pressure-induced phase transition was almost the same as the temperature-induced one in a ternary AOT/water/n-decane system. This SANS measurement was performed at the same volume of water and n-decane with the volume fraction of AOT, s , being about 0.2. The structure at ambient temperature and pressure has been confirmed as the dense water-in-oil droplet by much experimental evidence. 5, 11, 14 With increasing pressure, the one-phase dense droplet structure transformed to twophase coexistence with the lamellar structure at the lower part of the sample and the bicontinuous phase at the upper part. The high-pressure lamellar phase had an anisotropic a͒ Author to whom correspondence should be addressed; electronic mail: mnagao@issp.u-tokyo.ac.jp scattering profile without any sample alignment. 13 The mean repeat distance of lamellae at high pressure did not depend on s ͑d L P ϳ69 Å for 0.209р s р0.230͒, 13 where d L P indicates the mean repeat distance of the high-pressure lamellar structure.
Recently, Seto et al. 15 investigated the temperature and pressure effects on the structure of this system by means of small angle x-ray scattering ͑SAXS͒. They confirmed that the phase boundary in the P-T plane has a negative slope, which means that the increasing temperature and pressure play the same role in the phase diagram as Eastoe et al. 9 had shown before. With increasing temperature the water core radius decreased; however, it did not change with increasing pressure. The droplet radius, including hydrocarbon tails of AOT molecules, depended on pressure and no typical temperature dependence was observed. Further, the inter-droplet attractive potential, which was not changed with increasing temperature, increased with increasing pressure. These results indicate that the effect of temperature and pressure are not just the same in the structural formation.
Varying the droplet concentration, , from 0.1 to 0.7, Sheu et al. 2 investigated the dynamic behavior of the microemulsion system by means of quasi-elastic light scattering ͑QELS͒. They showed that the time correlation function, C(t), decays as the single exponential at the dilute regime; however, with increasing , it began to decay as a stretched exponential form,
C(t)ϭexp͓Ϫ(t/)
␤ ͔, where is the relaxation time. In their result, the stretched exponent ␤ changed from 1 to around 0.6 with increasing . They considered that the origin of such a large deviation of ␤ from unity was not the effect of polydispersity of droplets. They also measured the NSE spectrum at ϳ0.6, where the volume fraction of water and oil was almost the same. They showed that the intermediate correlation function, I(Q,t), followed the stretched exponential form with ␤ϳ0.67 as the result of QELS; however, they did not reach any conclusion about the dynamics in this Q-regime.
In this paper, we compared SANS results on the temperature-induced phase transition from the dense droplet to the lamellar structure with results on the pressure-induced one, in order to clarify the difference of temperature and pressure effects in the microemulsion system including AOT. Our results indicated that the high-temperature phase was also two-phase coexistence with the lamellar structure and the disordered one, as was the case of the high-pressure phase. The anisotropic scattering observed in the highpressure lamellar was also observed in the high-temperature lamellar. In order to compare effects of temperature and pressure, we introduced a reduced temperature (T ) and pressure ( P ). The temperature and pressure dependence of characteristic length of the system could be clearly compared using T and P . Also, we performed an NSE experiment to learn the dynamic behavior at high temperature and high pressure. The result indicated that the temperature and pressure effects on dynamic properties were completely different. These results supported the different mechanisms of the temperature-and the pressure-induced phase transitions.
II. EXPERIMENT
The same volume fraction of D 2 O and n-decane were mixed with AOT, whose volume fractions were s ϭ0.208, 0.224, and 0.230, and all of them were used for SANS experiments. For an NSE experiment only s ϭ0.230 was used. The AOT with 99% purity was purchased from Sigma and purified by extracting with benzene. D 2 O ͑99.9 at. % D͒ and n-decane ͑99% purity͒ were purchased from Isotec Inc. and Katayama Chemical Co., respectively, and used without any treatment.
SANS experiments were conducted on the SANS-U spectrometer installed at the cold neutron guide hall of JRR-3M in JAERI, Tokai. 16 A 7.0 Å of incident neutron beam was mechanically selected by the neutron velocity selector with the wavelength resolution of 10%. A twodimensional position sensitive detector was placed at 2 m from the sample position. The covered momentum transfer Q ͑ϭ4 sin /, where 2 is the scattering angle and the wavelength of incident neutron beam͒ ranged over 0.015 рQр0.144 Å Ϫ1 . The sample was put into a niobium cell with a quartz window, and the cell was set in an electric furnace. The sample thickness and the window size were 1 mm(t) and 20 mm͑͒ for all the samples measured. The lower part of the sample and the upper part were measured separately in order to check for the possibility of a phase separation. The neutron beam irradiated to 5 mm above the bottom edge of the cell ͑lower part͒ and to 5 mm below the top edge ͑upper part͒, where the incident neutron beam size was selected to be 3 mm ͑͒. Temperature was changed from room temperature ͑about 25°C͒ to about 100°C with steps from 1 to 5°C ͑depending on the samples͒ within an accuracy of Ϯ0.05°C during one measurement. ͑Typical measurement time was 10 min.͒ The measured data were azimuthally averaged and normalized to be the absolute intensity with a Lupolen standard.
NSE experiments were performed at ISSP-NSE, which is also installed at the cold neutron guide hall of JRR-3M. [17] [18] [19] The incident neutron wavelength was 7.14 Å with the spread of ⌬/ϳ18%. The measured Q range was 0.04рQр0.14 Å Ϫ1 . A high-pressure cell made of nonmagnetic stainless steal was used for measuring at high pressure with the sample thickness about 0.5 mm(t). The cell size and the performance were almost the same as the one for SANS. 20 An electric furnace, whose window size was 30 mm͑͒ with sample thickness 1 mm(t), was used for the temperature variation experiment. The experimental conditions were as follows: ambient temperature and pressure, which is abbreviated as RTP, was 25°C and 0.1 MPa high temperature ͑HT͒ was 40°C and 0.1 MPa, and high pressure ͑HP͒ was 24°C and 60 MPa. Figures 1 and 2 show the temperature variation SANS profiles from the sample s ϭ0.208. Figure 1 is the data obtained from the upper part of the sample and Fig. 2 from the lower part. In both figures, the SANS profile at room temperature ͑24.1°C for Fig. 1 and 25 .9°C for Fig. 2͒ are shown in the absolute scale, and the others are shifted 50 cm Ϫ1 each for better visualization. The overall feature of this temperature dependence of SANS profile is almost the same as the one previously observed for the sample s ϭ0.224.
III. SANS RESULTS
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At ambient temperature and pressure, both SANS profiles from the lower and the upper parts of the sample were identical because this phase is a one-phase droplet structure.
With increasing temperature up to Tϭ28.5°C ͑ϭT L ; lower phase transition temperature͒, the peak intensity decreased and the peak position shifted to higher Q. Subsequently, the peak shifted to the opposite direction between T L and Tϭ58.4°C ͑ϭT u ; upper phase transition temperature͒ ͑see Fig. 1͒ . At T u , the broad peak assimilated to the low Q diffuse scattering centered at Qϭ0, and another peak at Qϳ0.06 Å Ϫ1 became significant above 70°C and grew in intensity with increasing temperature. This peak might be due to the reentrant phase at high temperature, 22 which has not been observed at high pressure.
At the lower part of the sample ͑Fig. 2͒, a sharp peak corresponding to the Bragg scattering from the lamellar structure appeared above T L . The position of this peak moved slightly to lower Q between T L and 43.8°C (ϵT m ), and then shifted to higher Q up to the highest temperature we reached (Tϭ96.2°C). Here, we determined the transition temperatures T L , T u , and T m where the new sharp peak appears at Qϳ0.08 Å Ϫ1 at the profile from the lower part of the sample, the new broad peak appears at the profile from the upper part of the sample, and the peak position of the lamellar structure becomes minimum Q, respectively. The high-temperature phase in the range of T L рTрT u can be characterized to be the two-phase coexistence with the lamellar phase at the lower part of the sample and the bicontinuous phase at the upper part as the high-pressure phase. In Table I , T L , T m , T u , P s , and P f , observed for all the samples measured, are summarized. For s ϭ0.230, we could not obtain T u because the cell window was broken before reaching T u . Therefore we estimated T u for s ϭ0.230 by the empirical relation obtained from the results for other samples, T u ϳT L ϩ30°C. In our previous pressure variation experiment, 13 we used s ϭ0.209, 0.224, and 0.230 mixtures. In this experiment, s ϭ0.208 was used, and we assumed the results of the samples s ϭ0.208 and 0.209 are almost the same composition and that the small differences can be neglected.
As shown in our previous articles, 13, 23 we have observed an anisotropic scattering pattern at the high-pressure lamellar phase. In Fig. 3͑a͒ , sector averaged profiles along the x-direction ͑perpendicular to gravity͒ and the y-direction ͑parallel to gravity͒ are shown. 13, 23 In order to clarify the origin of this anisotropy, we compared the SANS profiles of the high-temperature lamellar phase for the sample of s ϭ0.230 at the same conditions, excluding shape and thickness of two sample cells. 23 One sample cell is a rectangular each for better visualization. The broad peak that appeared at Q ϳ0.04 Å Ϫ1 corresponds to the dense water-in-oil droplet structure at low temperature, and the one that appeared at Qϳ0.06 Å Ϫ1 corresponds to the re-entrant phase at high temperature. Solid lines are fitting results to Eqs. ͑1͒ and ͑3͒.
FIG. 2.
Temperature dependence of SANS profile at the lower part of the sample for s ϭ0.208. The scattering intensity at room temperature ͑25.9°C͒ is shown in the absolute unit, and the others are shifted 50 cm Ϫ1 each for better visualization. The broad peak that appeared at Q ϳ0.04 Å Ϫ1 corresponds to the dense water-in-oil droplet structure at low temperature, and the sharp peak that appeared at Qϳ0.08 Å Ϫ1 corresponds to the high-temperature lamellar structure. Solid lines are fitting results to Eqs. ͑1͒ and ͑2͒ and the linear combination of Eqs. ͑1͒ and ͑2͒ ͑see text͒. parallelepiped quartz cell, and the other is the disk-type niobium cell with a quartz window as described above. The sample thickness was 1 mm(t) for both sample cells. The same sector averaged plots are shown in Fig. 3͑b͒ for the rectangular parallelepiped quartz cell and Fig. 3͑c͒ for the disk-type niobium cell. No anisotropy of the SANS profile was observed in Fig. 3͑b͒ ; however, slight anisotropy was observed in Fig. 3͑c͒ . The scattering intensity of the peak from the y-direction was larger than that from the x-direction. This tendency was the same as the high-pressure phase as shown in Fig. 3͑a͒ . This result indicated that the anisotropic scattering was induced by the shape of sample cell. The sample thickness for the high-pressure cell was 0.5 mm(t) and the shape of the sample space was like a disk. 20 Therefore, the anisotropy induced by the shape of the sample cell was enhanced because of the thickness. It is well known that long molecules as surfactant or liquid crystal can be aligned using an interaction with walls of a sample cell. 24 Therefore, we can conclude that the anisotropic scattering observed from the high-pressure lamellar structure was due to the interaction between surfactant molecules and the wall of the sample cell.
In order to analyze the SANS profiles, we used almost the same procedure as the one already described. 13, 21 For the dense droplet and the bicontinuous structures, Teubner and Strey's model 25 is useful to understand the characteristic features of the mean displacement of water domains in mesoscopic scale. In their model, the broad peak at Q ϳ0.04 Å Ϫ1 was fitted by the following formula:
where k TS is the characteristic wave number and TS the correlation length of the alternating distribution of water and oil domains. The mean repeat distance, d TS , is expressed as d TS ϭ2/k TS . From the bulk contrast sample, which means that only water is deuterated in all the ingredients, the dense droplet and the bicontinuous structure have almost the same scattering profiles and one can hardly distinguish these structures. Therefore, we call those phases the ''Teubner-Strey phase'' hereafter. Nallet, Roux, and Milner 24 proposed a theory to describe SAXS and SANS profiles from a liquid crystal SmA phase. In the case of SANS, the scattering from the SmA phase is expressed by a linear combination of two terms:
The first term, which expresses a diffuse scattering around ͑a͒ SANS profiles from high-pressure lamellar phase with a high-pressure cell whose thickness was 0.5 mm(t). ͑b͒ SANS profile observed from high-temperature lamellar phase with a rectangular parallelepiped quartz cell whose thickness was 1 mm(t). ͑c͒ SANS profiles from high-temperature lamellar with a disk-type niobium cell whose thickness was 1 mm(t). In order to analyze the double peak profile that appeared between T L and Tϭ40.2°C in Fig. 2 , a linear combination of Eqs. ͑1͒ and ͑2͒ was used. In these profiles above T ϭ40.2°C, only the scattering from the lamellar was dominant; Eq. ͑2͒ was suitable for fitting. Because the new peak that appeared above T u at the upper part of the sample ͑see T was consistent with the result by Kotlarchyk, Sheu, and Capel. 5 However, it was different from the one observed at high pressure, in which d L P stayed constant in the high-pressure phase and did not depend on s . 13 Note that the superscript ''P'' means that values were obtained from the pressure variation experiments.
FIG. 4. Estimated d TS
In order to clarify the difference of the temperature-and the pressure-induced phase transitions, we introduced the reduced temperature T and pressure P as follows:
where T 0 (ϭ25°C) and P 0 (ϭ0.1 MPa) are the ambient temperature and pressure, respectively, T u the upper phase transition temperature, and P f the transition finish pressure. At ambient temperature and pressure T and P are Ϫ1.
Temperature and pressure dependencies of the characteristic repeat distance, d, for all the samples measured were compared using T and P in Fig. 6 . In Figs. 6͑a͒, 6͑b͒ , and 6͑c͒, the d's for s ϭ0.208, 0.224, and 0.230, respectively, are shown. d TS P kept constant above P ϭ0 for s ϭ0.208 and 0.230. On the other hand, it does not seem to be constant for s ϭ0.224. This behavior should not be essential because the peak intensity from the dense droplet phase near and above P ϭ0 is weaker than that from the lamellar, and the error bar of the data at high pressure was comparably large as shown in Fig. 6͑b͒ .
It could be noted that both the temperature and pressure dependence of the d TS 's seemed to be the same below T ϭ P ϭ0. d TS T and d TS P decreased at T , P рϪ0.75 and they increased up to T ϭ P ϭ0. 5 These different dependencies of temperature and pressure should be a reflection of the different mechanisms of the structural formation at these phase transitions.
As described in our previous paper, 13 the disorder parameter D(ϭd/2) is an important index, which expresses the degree of disorder in the semi-microscopic structure. In Fig. 7 , the temperature and the pressure dependencies of the D's are shown as a function of T and P . D TS P below P ϭ0
and D TS T below T ϭ0 seem to follow a universal function independent of s . This evidence suggested that the system became disordered in the same way in both the case of increasing temperature and the case of increasing pressure. Above T ϭ0, D TS T decreased with increasing temperature, which means that the system became ordered. On the contrary,
of the high-pressure lamellar structure͒ and D L T ͑that of the high-temperature lamellar͒ completely showed the same behavior.
As shown by Chen et al., 26 one could determine the structure of the system, whether it is the bicontinuous or dense droplet, from the value of D, empirically. In case of Dр0.446, a system is thought to be the dense droplet, and DϾ0.446 the bicontinuous. The horizontal line in Fig. 7 indicates the value of Dϭ0.446. Our results showed that the upper part of the sample became the bicontinuous above P ϭϪ0.75 and T ϭϪ0.75. In the case of pressure variation, D TS P stayed above 0.446; however, D TS T decreased below 0.446 above T ϭ0.3. This means that the system became the droplet structure, and the re-entrant Teubner-Strey phase appeared at high temperature, which may be identified as the droplet.
IV. NSE RESULTS
In Fig. 8 , the observed intermediate correlation function I(Q,t)/I(Q,0) for the sample s ϭ0.230 21, 27 is shown as a function of t. Figures 8͑a͒, 8͑b͒ , and 8͑c͒ indicate the I(Q,t)/I(Q,0) for the RTP, HT, and HP phase, respectively. Although the high-temperature and the high-pressure phases are two-phase coexistence, both the lamellar and the Teubner-Strey phases were irradiated by neutrons simultaneously. Thus the data of the HT and the HP are the mixture of the signals from the lamellar structure at the lower part of the sample and the Teubner-Strey phase at the upper part of the sample. Following the result by Takeda et al., 28 we be- lieve that a dynamic behavior of membranes does not depend on their semi-microscopic structure. It is evident that the NSE results were not expressed by a single exponential function. Thus we tried to apply a stretched exponential form:
where ⌫ is the decay rate and ␤ the stretched exponent which is the same form as Sheu et al. 2 used. In Fig. 9 , the ␤ obtained is shown as a function of Q. The mean value of the ␤ obtained was 0.69. The dotted line in Fig. 9 indicates the value ␤ϭ0.67, which was experimentally observed by Sheu et al. 2 and was theoretically predicted by Zilman and Granek. 29 Recently, Takeda et al. 28 investigated the membrane dynamics of a C 12 E 5 /water/n-octane system with changing temperature for both the bulk and film contrast samples by means of NSE. They analyzed their NSE data using the model proposed by Zilman and Granek, 29 which expressed a membrane dynamics with the stretched exponential of ␤ϭ2/3, and concluded that the results were independent of the sample contrast and the semi-microscopic structure. Therefore, we analyzed the data in terms of the Zilman and Granek's model. 29 Their model predicted that ⌫ could be expressed as
where we put ␥ k ϭ1, is the viscosity of solvent, the bending modulus of membranes and k B the Boltzmann constant. Our fitting result to Eq. ͑6͒ with ␤ as 2/3 is shown in Fig. 8 by solid lines. In Fig. 10 , ⌫'s obtained are shown as a function of Q. They were proportional to Q 3 , independent of the experimental conditions. It is clear that the decay rate at HT is larger than that at RTP and that at HP. From Eq. ͑7͒, the bending modulus of membrane could be calculated as summarized in Table II . On one hand, became smaller with increasing temperature; on the other hand, it became larger with increasing pressure. This fact means that the membrane became flexible with increasing temperature and rigid with increasing pressure. In this analysis, we assumed the solvent viscosity as four times the value of average viscosity of water and n-decane in order to take the effect of local dissipation around membranes into account.
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V. DISCUSSION
In the AOT microemulsion system, phase diagrams with increasing temperature or pressure have been investigated by Cametti et al. 11 and Saïdi, Daridon, and Boned, 10 respectively. Their phase diagrams were similar to each other and it was believed that the high-temperature lamellar phase and the high-pressure lamellar phase were the same. 10 Actually, our SANS results indicated that the phase transition to the two phases of the lamellar and the Teubner-Strey was induced by temperature and by pressure. As shown in Figs. 6 and 7, d TS 's and D TS 's followed the same line below T ϭ P ϭ0, respectively. This fact indicated that the structural formation could be treated as the same below T ϭ P ϭ0 notwithstanding temperature or pressure.
However, T and P dependencies of d TS became clearly different above T ϭ P ϭ0. At P Ͼ0, d TS P became constant and no phase transitions were observed; however, d TS T decreased at T Ͼ0, and above T ϳ1 it kept almost a constant value. d L P was independent of s and pressure, while d L T depended on s and temperature. In the case of temperature, the spontaneous curvature changed with increasing temperature because of the dissociation of the counterion. Thus the subsequent structural changes starting from the w/o droplet to the lamellar and finally to the o/w droplet could have occurred. However, in the case of pressure, the curvature change originated by the tail-tail attraction as shown by Seto et al., 15 and the subsequent structural change to the o/w droplet could not be induced.
d L T gradually changed with increasing temperature in the whole temperature range measured, as depicted in Fig. 5 . It increased with increasing temperature at T L рTрT m , and it decreased with increasing temperature at TуT m . At T L рT рT m , the electrostatic repulsive interaction between lamellae increased with increasing temperature due to the dissociation of the counterion, and d L T became large. At T m рT, AOT and water molecules moved to the oil-rich phase ͑which exists at the upper part of the sample͒ because the oil-in-water type structure is preferable in this temperature range. The water content in the lamellar phase decreased in this temperature range to form the o/w type structure, and therefore, d L T started to decrease above T m . In the case of pressure, d L P stayed almost constant at Pу P f . In this pressure range, the microscopic origin which makes the curvature change might have vanished with increasing pressure, as discussed below. This result is consistent with the result obtained by Eastoe et al. 9 that the compatibility of the oil and the tail of amphiphile is important to the structural formation.
It was necessary to assume the viscosity to be four times the value of the average viscosities of water and n-decane in order to obtain reasonable values of the bending modulus. Such assumption was first applied by Farago et al. 30 to explain the results on the semi-dilute droplet microemulsion composed of AOT, water, decane, and butanol. They analyzed their NSE data using the model proposed by Milner and Safran, 31 which assumed the translational diffusion and the droplet size and shape deformation, and tried to explain the NSE data with ϳ4 sol . They thought that this fact was due to the local dissipation around amphiphile membranes. Quite recently, Komura et al. 32, 33 analyzed their NSE data on ternary microemulsion systems in terms of three models, including Zilman and Granek's, and they showed that the viscosity could be a different value depending on the model. They suggested that the effective should be from three to four times the mean value of the solvent viscosity in Zilman and Granek's model. 29 However, the treatment of the viscosity in analysis of NSE data is still an open question.
In our NSE experiment, we could observe only three data points for temperature and pressure variation because of the limitation of our beam time. It is dangerous to conclude the temperature and pressure dependencies from only three points and more experiments are necessary. However, another experimental evidence supported the present result. Recently Kawabata et al. 34 -36 performed NSE experiments on AOT/D 2 O/decane system at dilute droplet composition and clarified the temperature and pressure dependencies of . They analyzed their NSE data using Milner and Safran's model 31 and concluded that increased with increasing pressure and decreased with increasing temperature. This evidence is consistent with our result and confirmed our conclusion.
Our NSE result indicates that the flexibility of membranes increased with increasing temperature; however, the rigidity increased with increasing pressure. As described above, the electrostatic repulsion between head groups of AOT molecules increases with increasing temperature. When the head-head repulsion increases, the density of amphiphile molecules in the membrane should decrease, or the interfacial area between water and oil increases. That means that the head area of AOT molecules, a H , becomes larger with increasing temperature and the packing parameter, P p , becomes smaller, where P p ϭ s /a H l s , 37 and s is the volume of a surfactant molecule and l s the molecular length of AOT. The increase of the head area a H due to the repulsive interaction between AOT head groups may result in that the membranes are flexible and become flat.
With increasing pressure, the increase of the tail-tail attractive interaction 15 or the decrease in the compatibility of tail and oil molecules 9 induces change of the spontaneous curvature. In the dense droplet system, the short-range tailtail attractive potential 15 is more effective than the dilute droplet system. The increase of the attractive interaction and the compatibility of tail and oil may induce the decrease of s and thus P p . In such process, the water-in-oil type structure transforms to the lamellar structure; however, because of the finite size of s , the P p has a lower limit and the curvature change will be stopped at high pressure. Because of the increase of the tail-tail attractive interaction or tail-oil interaction, the amphiphile membrane might be condensed. Therefore, our result, that the amphiphile membrane becomes more rigid at high pressure, is reasonable.
VI. CONCLUSION
We performed SANS and NSE experiments in order to clarify the effects of temperature and pressure on structural formation in the microemulsion system composed of AOT, D 2 O, and n-decane. SANS results indicate that the phases at high temperature and at high pressure were apparently the same. By introducing the reduced temperature (T ) and pressure ( P ), the similarity of the characteristic features of the effect of temperature and pressure at T , P Ͻ0 was clarified. The difference between the effect of temperature and pressure at T , P Ͼ0 was also clarified. This difference should be the reflection of the different mechanisms of the structural formations by temperature and pressure.
NSE results indicate that the rigidity of the membrane increases with increasing pressure, and the membrane becomes more flexible with increasing temperature. These results indicate the different origins of the pressure-and the temperature-induced phase transitions. The effect of pressure originated from the tail-tail or tail-oil interactions, while that of temperature from the head-head or head-water interactions.
